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Abstract 
Lasting continuous improvement in product engineering, a process to produce and develop high value products, is critical to companies’ 
competitive position. Although continuous improvement described in literature as an important principle for business development, creating a 
culture of ongoing improvement is not a trivial task. While poorly designed processes and misguided use of tools may explain difficulties in 
achieving successful continuous improvement, extent research reports that the main barrier to success is lasting managerial effort. Research has 
been conducted on identifying the management as a pertinent success factors, but little focus has been directed towards supporting efforts to 
overcome managerial barrier to succeed. Thus, this paper aims to provide a model as a theoretical contribution supporting managerial effort in 
achieving lasting continuous improvement based on an action research approach within product engineering. This paper will be of value to 
practitioners by guidance in managerial efforts to overcome the barriers for the management. For academics, this study will contribute on a 
better understanding of enablers to overcome the pertinent success factors; lasting managerial effort. 
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1. Introduction 
Globalization and worldwide competition exaggerate the 
demands for companies’ competiveness. Improving the 
internal processes to increase time efficiency and decreasing 
costs becomes essential. Businesses must deliver high quality 
goods and services as quickly and promptly as possible and at 
competitive cost. The parameters influencing the entire 
business performance must constantly be improved in line or 
faster than international competitors. To survive under such 
conditions, Continuous Improvement (CI) becomes a 
substantial strategy for companies worldwide. In the same 
time, it is important to emphasize that CI alone gives no 
guarantee for surveillance in global competition. In the 
early1990s an American company won the US National 
Quality Award, but went out of business same year. A thesis 
how this could happen, is that the award criteria had no 
evaluation features on how the organization responded on 
outside potential and real threats [1]. Most companies can be 
forced out of business by aggressive competitors who have 
located an outside potential and exploited this as an inherent 
weakness in its target company.  Clearly, survival and growth 
also depends on how CI is integrated towards important 
business elements as the outside threats and possibilities [1].  
Even if CI has been widely recognized for decades, CI still 
faces many challenges. One of them is to remain stable over 
years [2]. Stability requires the CI to be integrated as a lasting 
managerial effort. If the persisting element of CI dissipates, 
the continuality disappears and the long-term benefit of CI 
reduces dramatically [2]. Companies losing effort will 
gradually fail in manage sufficient increase in value adding 
over time – and slowly lose competiveness against those who 
manage the lasting systematic improvement work better; or 
turn it all around – these companies lose the opportunity to 
make profitable business over time. The question is why 
companies lose the vital sustaining attention for improvement. 
Clearly, there is a need to understand this question and how 
the pitfalls connected to CI can be prevented.  Although 
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existing literature and studies emphasize the relationship 
between CI and management, too much focus is on the 
management connection to practical quality improvement 
tools [3, 4]. Thus, this article aims to provide a model 
supporting managerial effort in achieving lasting CI. 
Against this background, how can an organization develop 
an environment for lasting CI? This study investigates the 
managerial circumstances leading to interrupted CI, and how 
to develop a holistic CI environment, robust for the 
occurrences deflecting the CI. Furthermore, this study focuses 
on building a strong fundament and management ownership 
for the CI right from the beginning. Thus, by early managerial 
effort on strategic direction and a simultaneous link to the 
planning of CI implementation. 
2. CI in a managerial and lasting perspective 
In the literature, there are several definitions for CI. One 
definition is “The planned, ongoing and systematic process of 
ongoing, incremental and company-wide change of existing 
practices aimed at improving company performance” [5]. The 
Chartered Quality institute, former Institute of Quality 
Assurance, defines CI more widely: “…a type of change that 
is focused on increasing the effectiveness and/or efficiency of 
an organization to fulfil its policy and objectives. It is not 
limited to quality initiatives. Improvement in business 
strategy, business results and customer, employee and 
supplier relationships can be subject to continual 
improvement. Put simply, it means getting better all the time” 
[6]. Supplemental, CI should be implemented in the whole 
organization; including all employees at entire levels [7] and 
the CI activities should be regular and connected to the day to 
day routines [8]. Finally and to complete the definition, CI 
have to be sustainable and focused towards improvement [9].  
CI is from a practical point of view frequently connected 
to the Deming circle, defining CI in four never-ending phases 
Plan-Do Check-Act (PDCA) [10]. This iterative and repetitive 
nature of improvement is traceable to several other cyclical 
scientific methods as DMAIC and Fords 8D methodology 
[11]. A3 management detailed explained in Jon Shooks 
Managing to Learn is also derived from Deming’s PDCA 
[12].   
Osterling and Martin [13] highlight that lasting managerial 
effort is the cultural shift that can be the most profound, and 
the most challenging to realize. In a CI enterprise, leadership 
is responsible to create strategy and the workforce is 
authorized to design and implement the tactical solutions 
required to execute the strategic plan. This frees leadership 
from the day to day follow-up, so they can focus on 
performance measurement, strategy and removing operational 
obstacles, and at the same time, the workforce knowledge 
base and level of fulfillment grows exponentially.  
A large survey conducted in Industry Week in 2007 found 
that only 2 percent of companies having a CI program 
achieved their anticipated results [2]. With this background, 
the Shingo Prize committee, which gives awards for 
excellence in lean manufacturing, compared winners that had 
continued to improve with those not sustaining their progress. 
They found that companies turned backwards simply copying 
the improvement methodologies, while those that continued 
improving had turned the initial CI efforts into a culture, 
starting with leaders who were passionate about striving for 
excellence. In this context, CI can be considered as a never 
ending management commitment on the way to excellence. 
As a consequence, the committee changed the price criteria to 
emphasize developing a culture for CI [2]. 
3. Research methodology 
The research methodology aims to contribute providing a 
model supporting managerial effort in achieving lasting CI 
based on action research. 
Reason and Bradbury define action research as “An 
interactive inquiry process that balances problem solving 
actions implemented in a collaborative context with data-
driven analysis or research to understand underlying causes 
enabling future predictions about personal and organizational 
change” [14]. They also emphasize; “Action research is about 
working towards practical outcomes and also creating new 
forms of understanding, since action without reflection and 
understanding is blind, just as theory without action is 
meaningless”.  
Since this study is simultaneous and strongly connected to 
develop a new model for lasting CI, the need for ideas and 
solutions were more present than the need for quantitative 
data. Referring to the definition of action research, this study 
supports “research to understand underlying causes enabling 
future predictions about personal and organizational change” 
rather than the term “data-driven analysis”. 
 The case company is an enterprise located in 
northwestern part of Norway, providing state of the art 
technology and equipment for aluminum casting and melt 
treatment. The company has high core technology 
competence and develops continuously new products. In 
projects, the enterprise performs project management, 
engineering, installation and testing. Suppliers produce the 
parts and components. 
The case company has numerous earlier attempts to 
introduce CI. The company confirms that these initiatives 
have stranded more or less because of losing managerial 
attention over time. Consequently, the company aims to find a 
new approach to succeed in sustainable CI work. To avoid 
repetition of earlier unsuccessful attempts, the new approach 
has to be developed before introducing a new CI program.  
The team contributing in this study consists of the 7 
members of the top management team and external project 
leader from Sintef Raufoss Manufacturing. The purpose for 
the team was to develop the model for persisting CI 
simultaneously as the implementation proceeded [15]. During 
the research period, the team regularly questioned whether 
something still is missing to make a proper fundament for 
sustainable CI. If the answer of this question distinguished 
from clear “yes”, new supplementary progress raised. The 
model ended up with 9 + 3 steps suitable to develop a robust 
environment sufficient for lasting CI. 
During the progression of the steps, the need for 
methodologies for rapid generation of ideas and solutions 
commenced. Brainstorming is a seductive methodology to 
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use; but a pitfall can be that the quantities of ideas often suffer 
if one or two persons in the group block the production of 
ideas by other participants [16]. As a substitute for 
brainstorming, brainwriting was introduced as more 
applicable [16]. During the brainwriting sessions, all ideas 
were recorded individually on post-it notes before 
presentation.  
As an example, brainwriting was used for step 2, 
described in the next chapter. To execute this step, goals and 
supplementing tasks were applied to secure collection of 
subjective data from the management team [16]. To collect 
sufficient quantity of managerial data and commitments, the 
following goal were defined: “Secure that all the elements for 
an engaging lasting improvement work is on place”. To reach 
this goal, the management team used brainwriting to generate 
ideas connected to the following two strongly related tasks: 
1. How can I personally contribute to succeed in the 
improvement work for the company and the 
department I lead? 
2. What other important elements are important for the 
company and the department I lead to succeed in CI?  
As methodology to systemize the results from the 
brainwriting, Ishikawa-diagram, also called fishbone-diagram 
was applied. Ishikawa-diagram is one of Kauru Ishikawa’s 7 
quality control tools, and was introduced for the first time by 
Dr. Kaoro Ishikawa in 1943 in connection to a quality 
improvement program for Kawasaki Steel Works in Japan 
[17].  Traditionally Ishikawa-diagram is a tool to find the root 
causes of a problem, with the problem defined in the end (fish 
head) of the diagram [17]. In the action research context, the 
“The problem” was replaced with “Opportunity to succeed 
with sustaining CI”. This is an alternative approach of 
Ishikawa-diagram, which not could be found in the existing 
literature.  
For the development of step 1, described in the next 
chapter, crucial ISO 9001 principles were emphasized in a 
workshop to identify managerial elements with essential 
influence to succeed lasting CI. This approach was applied as 
a result of the fact that the company is ISO 9001 certified and 
intended to integrate CI together with the quality management 
system – not put it beside. Penelope Przekop pinpoint in her 
book “Six Sigma for business excellence” that a good quality 
management system based on ISO 9001 can provide the 
framework for CI to increase customer satisfaction [18]. 
Additionally the scope defined for the ISO 9001 standard [19] 
emphasize “The standard aims to enhance customer 
satisfaction through the effective application of the system, 
including processes for CI of the system and the assurance of 
conformity to customer and applicable statutory and 
regulatory requirements”. This interpretation of CI 
differentiates in words and expressions from the more 
common definitions outlined in chapter two of this study. 
Nevertheless, the intention is corresponding.  
4. Results and discussion 
This study has identified a model aiming for supporting 
managerial efforts to overcome the barriers to succeed in 
lasting CI. It includes 9 steps for management preparation 
before introduction of a CI program and 3 steps for 
management validation after introduction of a CI program, as 
shown in figure 1.  
 
 
Figure 1 – Management model for lasting CI.  
60% is assumed lower limit to introduce a CI program. 80% is assumed lower 
limit to trigger corrective actions during an ongoing CI program, see detailed 
description later in this chapter. 
4.1 Management preparation 
Step 1 – Review of the managerial elements for CI 
The workshop for the development of step 1, referred in 
chapter 3, prescribed five preferred exclusive managerial 
elements, with considerable influence to succeed sustainable 
CI. Companies implementing the model can simply use the 
same elements or alternatively find other more appropriate 
elements tailored for the particular company. 
Step 1 aim to review the elements together with the 
management team.  
 
Table 1. Explanation of the five managerial elements for lasting CI, and the 
consequences if lacking them. Consequences have bold text. 
Element Explanation and consequence if element is missing  
Vision 
and 
goals 
Vision expresses what success will look like, i.e. what 
position the company will have in the market when 
fulfilling its mission and implementing its strategy, 
including CI [20]. The vision must come from the heart 
of the management, and the overall goals clearly 
connected [1]. Otherwise, CI gradually will lead to 
confusion because the direction becomes unclear. 
Compe-
tence 
Overall competence about the benefits of CI is vital for 
the total prioritization of CI. In lasting CI, both 
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successes and failures lead to extended competence [21]. 
Lack of this competence among management or other 
personnel will subconsciously lead to missing priority 
and insufficient progress. 
Motiva-
tion 
 
Participation on all levels is a key factor to succeed, and 
the main condition for motivation is follow up and 
support by the management [22].  Lacking motivation is 
a solid source for missing progress. 
Resour-
ces 
The management must be willing to offer sufficient 
resources for later harvest from the improvement work. 
Frustration justified by lack of time and not having the 
possibility to perform the improvement activities is 
typical symptom for missing resources [23]. Further, 
without the necessary resources, the systematic 
improvement work will gradually be more distant and 
slowly lose attention and progress. 
Struct-
ure 
The structure is the framework to communicate the CI 
program inside the company. Comparable to a skeleton, 
the structure prevents the improvement program to fall 
apart. A study by Yan and Makinde emphasizes that an 
effective communication channel between all levels of 
organization is crucial to obtain CI sustainability [24]. 
Without proper structure, only sporadic various 
progresses depending on the concurrent circumstances 
can be expected. 
 
The four elements Vision and goals, Competence, 
Motivation and Resources are supported in a study by 
Sabater-Garcia as essential enablers for CI [25]. David Hoyle 
describes the fifth element Structure as the framework and the 
structural communication channel between managers and 
employees attending CI [20].  
 
Step 2 – Creating management commitments  
Real commitment from the management team is of 
significantly value for the implementation and sustainability 
of the planned CI program [2]. A study by Jacobsen and 
Poppendiek emphasizes the importance of the role of the 
management team in which significant and feasible 
improvement was achieved due to the commitment from the 
management team [26]. Consequently, the aim of this step is 
to create fundamental management commitment for CI.  The 
case company applied the following approach: 
1. Prepare the Ishikawa-diagram for start-up. The 
diagram contains 5 “bones”, one for each element. 
2. Gather the management team. 
3. Repeat the managerial elements for lasting CI (step 
1) and present goal for the day and the tasks to solve. 
4. Arrange the brainwriting described in chapter 3. 
5. Present the results and make a rough allocation into 
the Ishikawa diagram.  
The results have considerable benefits for the further 
implementation of the model. They are prepared by the 
management itself, and represent the heart of management 
perception of how to succeed with CI. 
 
Step 3 – Systemize the commitments  
The purpose of the step is to enrich the results from step 2 
to be presentable for further use. Merge the results presented 
on the post-it notes into shared meanings, and prepare a new 
presentable Ishikawa-diagram.  
Step 4 Prepare the Management Team Self-assessment 
A crucial first question at this stage is how to further 
exploit the results from step 3 to strengthen the CI program. 
Second question is how the management team can perceive 
whether they are sufficient prepared to introduce a CI 
program. The third question is how to measure the future level 
of managerial inspiration and effort for the current CI.  
The output of these three questions altered to develop a 
self-assessment tool. The questions in the assessment are 
taken directly from the outcome of step 3 and split into the 
elements from step 1. Thus, the assessment substantially 
brings further the management commitments created in step 2.  
 
 
Figure 2 – Management team self-assessment. 
First assessment – performed January 2016, early in the preparation of stage 
6-9. The scores are average results for the management team. 
 
There are two main categories of questions embedded in 
the assessment. A “management category” which aims to 
reflect the management teams own commitment to CI, and an 
“organizational category” putting effort on how the 
management team interprets the CI understanding for the rest 
of the organization. A typical situation before introduction of 
the CI program is that the “management category” has better 
figures than the “organizational category”. A successful 
introduction of the program will consequently improve the 
figures for the “organizational category”. 
 
Step 5 – Define threats and possibilities 
One important condition to keep the motivation for CI is 
to have the CI program clearly integrated to what’s really 
important for business. It is fundamental to plan for this 
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integration from the beginning [1]. The case company 
management confirms if they get the perception that the CI 
program comes “in addition” to all the other important things, 
this is a considerable source for losing effort in CI.  Both step 
5, 6, 7 and 8 are preparations to avoid disintegration of the CI 
to the strategic planning. Robert Donnelly [27] describes 
“Strategic plan establishes the parameters for the 
organizations future growth, and gives the management the 
ability to quantify and measure progress. The strategic plan 
establishes goals based on analysis of the market, 
competition, technology, economy and other significant 
factors”. Step 5 aims for defining those analyzing factors 
described as Threats (T) & Possibilities (P). 
Using brainwriting, the management team ended up with 
nine important T&Ps for the enterprise. Those cover both 
internal and external conditions. The T&Ps are considered as 
confidential and not expressed in this paper. The T&Ps are 
later during the introduction of the CI program applied to 
explain “why” the CI program is essential for the company.  
 
Step 6 – Define and confirm the vision 
CI shall contribute to make the vision more reasonable in 
practice. Referring to the philosophy of Hoshin Kanri (HK) 
[1], vision is the first of four HK-components, and points out 
the direction for improvement. The vision is a long term 
condition, “picture” and long-term goal for the enterprise. The 
vision shall be an appealing definition of where to be in the 
future. 
At this state we have to make sure the current vision is the 
right, and corresponds to the threats and possibilities defined 
in step 5. If no vision exists, it has to be prepared as a part of 
this step. The receipt to prepare the vision has to be 
customized from case to case – what is important is to end up 
with a perception close to the heart of the management. 
 
Step 7 – Define the goals and measures 
The goals and measures for the CI program have to be 
based on the T & P’s and aiming at the vision [1]. The goals 
and measures show “what” to achieve with the CI. 
 
Step 8 – Define the department strategic elements 
To bring the fundament for the CI program down to an 
operative level appropriate for the rest of the workforce, the 
department managers prepare their own versions of step 5 and 
7. The enterprise version serves as input for the department 
versions.  Vision and focus areas are fixed, but the T & P’s 
and the corresponding measures have to be tailored to the 
department level [1].  
 
Step 9 – Management team assessment – early stage 
The purpose of this step is to make sure that the 
management team is prepared and motivated before 
introducing the CI program. Too often improvement programs 
start without the sufficient commitment and engagement from 
the management team. A study by Lodgaard et al revealed 
that top managers are lacking a holistic view on CI, and 
especially awareness of the importance of their own support 
[28]. A not verified hypothesis is never to introduce any 
improvement program before crossing an average assessment 
score of 60%. Until then, the management team should 
continue their preparations including understanding, 
motivation and attitude for CI. Such, by implementing and 
performing the self-assessment, management accomplishes to 
be rescued from introducing an improvement program with no 
realistic hope to succeed. 
The values adopted in the assessment are subjective, but 
reflects the best honest perception of the management team. 
To ensure personal commitment, the evaluation should be 
performed individually by each member of the management 
team.  The final result should be presented with an average 
score for the total management team.  
4.2 Management validation 
The validation part of the model is applicable after 
introduction of the CI program. It contains three elements to 
keep the management attention at a tolerable level, above the 
boundaries for losing sufficient implementation: 
 
Perform management team assessment regularly 
After a successful introduction of the CI program, an 
increase in the assessment score for the rest of the 
organization is expected. The score should now as an estimate 
exceed 80%. From now, the model makes the management 
responsible to perform the management assessment regularly. 
Thus, the purpose of this element is to give the management 
early warnings to prepare corrective actions before the CI 
program lose crucial parts of the implementation, and in 
addition empower the positive forces striving for lasting CI. 
 
Corrective actions to improve Assessment 
The management team will consequently collect positive 
signals from the assessment if they perform well. In the 
opposite case, a score lower than 80% clearly indicate the 
need to improve management commitment and effort through 
corrective actions in one or more of the five managerial 
elements categories. See figure 3. 
 
 
Figure 3 – Practical use of the model and corrective actions 
Estimated example for implementation of the self-assessment results, 
compared to not using the model. T0 is measured by the case company 
management team in January 2016. The score is average for all 7 team 
members. T1…t4 are estimates to illustrate further applicable use of the 
assessment scale to achieve lasting CI. The blue curve illustrates a typical 
time laps for not performing the necessary corrective actions. 
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Reevaluation of threats and possibilities + goals and 
measures 
This element is vital to maintain an updated and motivating 
approach for the CI program [1]. The result of an obsolete 
analysis of the basis for the CI program is gradually reduction 
in both managerial and organizational motivation. Such 
negative effects are expected to be revealed by regularly self-
assessments, but on the other side it should not occur if 
management performs this element of the model. 
5. Conclusions 
The study has identified a model supporting lasting 
managerial efforts to CI.  It includes nine steps for 
management preparation of a CI program and 3 steps for later 
validation of the ongoing CI.  Parts of the contents as vision, 
goals and measures are well described in literature, but 
combined with less described parts as the managerial 
elements, management commitment, management team 
assessment and the validation part, it brings up a new model 
enhancing the possibility to succeed in lasting CI. 
By implementing of the model, management has a tool to 
react before it is too late, and consequently not stumble during 
periods where leadership and management are distracted by 
other short-term business issues. Nevertheless, two conditions 
still have to be in place: 
- The management team must continue performing the 
self-evaluation with a sufficient frequency. 
- The management team must require actions if the 
trend becomes negative. 
No methodology can save a management environment 
preferring to ignore the CI program. Jeffrey Liker and James 
Franz emphasize their “The Toyota Way to Continuous 
Improvement” [2] that derailing of the CI process always 
involves lack of commitment from management. This lack of 
serious commitment to understanding how they can develop 
true operational excellence, in turn, stems from the way senior 
managers are evaluated – the bottom line [2]. Consequently, 
the assessment is an initiative to reverse such unfavorable 
forces for lasting CI. 
Contemporary, the case company is still preparing the 
strategic issues connected to the CI program, and 
consequently the model and corresponding assessment levels 
are not fully validated. Further research is to study and 
validate the estimated 60% and 80% values, combined with 
the time triggers t1, t2, t3 and t4 in figure 3. Necessary new 
supplements to the study are also how the required 
preparations before program introduction will contribute to 
improve the CI results, and how reevaluation of threats and 
possibilities in the long run can revitalize the CI program. 
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